New vapor-liquid equilibrium (VLE) data for 1-propanethiol + 1-butanethiol + CH 4 ternary system is reported. Measurements were performed at three different temperatures (303, 336 and 368 K), while the pressure was ranged from1 to 9 MPa. The total system pressure was maintained by 
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Phase Equilibrium Measurements and
Introduction
The knowledge of thermodynamic properties of mixtures of sulfur compounds with hydrocarbons is important in the petroleum as well as in the chemical industry. An understanding of the thermo physical properties and equilibrium data of such mixtures facilitates the rationale design of processes for the removal sulfur compounds from petroleum streams and also for the purification of sulfur compounds in order to be used as chemical intermediates 1 . 1-propanethiol (n-propylmercaptan) and 1-butanethiol (n-butylmercaptan)
are common organic sulfur components present in natural gas, synthesis gas and various refinery process streams. Their typical presence in the host gas stream can range from several parts per million to 5 percent by volume 2 . The environmental protection forces the petrochemical industry to decrease the sulfur content in the various petroleum fluids. Furthermore, any thiols/mercaptans (RSH) not absorbed from the sour gas through the amine purification units, complicate the process scheme for downstream liquid treatment units
Consequently, the equilibrium data and thermo physical properties of thiols with methane, ethane, propane and other hydrocarbons in the presence and absence of water is important to both process optimization and product specifications. 
Experimental section
The experimental work has been carried out at Mines ParisTech, France, where a "static-analytic" technique based apparatus consisting of an equilibrium cell equipped with one moveable Rapid Online
Sampler Injector (ROLSI TM ) was used. The detail of the experimental setup has been discussed in our previous manuscript 7 . The equipment is the same used by Zehioua et al. 8 and the procedure is identical to
Coquelet et al.
9
. The liquid and vapor samples are analyzed using a gas chromatograph (Varian model CP-3800), equipped with a thermal conductivity detector (TCD), and a flame ionization detector (FID). CAS numbers, purities, and suppliers of materials are provided in table 1. no further purification of chemicals has made.
In the absence of air, 1-propanethiol (15 ml) was added into the equilibrium cell (32 cm 3 ) followed by equal volumetric quantity of 1-butanethiol (10 ml). Then CH 4 was added from the top of equilibrium to reach the desired pressure. The desired temperature was obtained by placing the cell into a thermo-regulated oil bath. The vapor and the organic (liquid) samples from equilibrium cell were directly introduced to the gas chromatograph once equilibrium was established. The samples are introduced through an isothermally heated transfer line. Two 100 Ω platinum probes (Pt100) were used for temperature measurements which are inserted inside thermo-wells drilled into the body of the equilibrium cell at two different levels and are connected to an HP data acquisition unit. They were periodically calibrated against a 25 Ω reference platinum resistance thermometer (TINSLEY precision instruments, France). The expended standard uncertainty (0.95 level of confidence, k=2) in temperature measurements was estimated to be U(T)= 0.04 K. Table   2 .
Modeling section
The experimental data were modeled using the CPA EoS, whichin terms of the pressure is given as 10,11 :
More details about the CPA EoS can be found in the literature 10, 11 . The CPA EoS for thiols (mercaptan containing systems) has been described in our previous studies 5,6,7 . All fluids of this work (1-propanethiol (C 3 H 7 SH), 1-butanethiol (C 4 H 9 SH) and methane were modeled as non-self-associating fluids. 
Results and discussion
Vapor-liquid equilibrium (VLE) measurements for the 1-propanethiol + 1-butanethiol + CH 4 ternary system were performed at three different temperatures (303, 335 and 368 K) and pressures up to 9 MPa. To the best of author knowledge no other experimental phase equilibrium data for such ternary system exists in the open literature and, consequently, a comparison of the new experimental data, presented in Table 2 , is not possible. As shown in figure 1 , the solubility of methane (CH 4 ) in the 1-propanethiol -1-butanethiol rich liquid phase increases with the increase of total system pressure and temperature . The gas phase content of 1-propanethiol (C 3 H 7 SH) and 1-butanethiol (C 4 H 9 SH) decreases slightly with increase of pressure and increases significantly with the increase of temperature as shown in figure 2. It can be also observed that the gas phase content of 1-propanethiol (C 3 H 7 SH) is always superior to 1-butanethiol (C 4 H 9 SH) at the same temperature and pressure, as it is expected.
The CPA EoS predictions for the vapor-liquid equilibrium of 1-propanehiol (C 3 H 7 SH) + 1-butanethiol (C 4 H 9 SH) + methane (CH 4 ) ternary system at 303, 335 and 368 K and up to 9 MPa are shown in figures 1, 2 and 3 respectively. It is observed that deviation between the experimental data and the CPA predictions is sometimes higher than 20 %. The CPA results are pure predictions as no parameters were adjusted to the experimental data. From this point of view, the CPA rather satisfactorily predicts the vapor-liquid regions for 1-propanethiol + 1-butanethiol + CH 4 ternary system.
Conclusion
New vapor-liquid equilibrium (VLE) data for the 1-propanethiol + 1-butanethiol + CH 4 has been obtained at three temperatures (303, 335, and 368 K) and pressures up to 9 MPa. A "static-analytic" method was successfully used for performing all the measurements. The CPA EoS has been applied for the representation of ternary systems containing 1-propanethiol and 1-butanethiol. The modeling results are considered satisfactory as they are just predictions without the adjustment of any parameter to the ternary experimental data. The expended standard uncertainties with 0.95 level of confidence (k=2) are U(T)= 0.04, U(P)=0.003, U( x or y)=0.009; where y stands for mole fraction in vapor phase and x stands for mole fractions in organic phase. 
